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SPECIFICATION 

METHOD FOR MAKING A CARBON NANOTUBE BASED FIELD 
EMISSION DISPLAY METHOD FOR MAKING FIELD EMISSION 
DISPLAY 

BACKGROUND OF THE INVENTION 
! - Field of the Invention 

|0001 1 The prcoent invention relates to a method for making a field 
omisoion d i splay devioo, and more particularly to a m e thod for moking -a 
carbon nanotubo Field cmiscion diap l ay dovico. The present invention 
relates to a method for making a Held emission display, and particularly to 
a method for making a carbon nanotube based field emission display. 

2. Descriptio n of Prior Art 

[0002] Carbon nonotuboo aro o novel carbonaceous material discovered 
by Iijima, a roGoaroher of NEC corp o ration, i n 1091 . R e l e vant information 
was r e ported in an article by lijima, e ntitl e d "Helical Microtubules of 
Graphitio Carbon" (Nature, Vol.354, F56, 1901). Carbon nonotuboG can 
transmit an extremely high electrical current and omit clootrono easily atr-a 
very low voltage of loss than 100 vo l ts, - wh i ch make it a very promising 
pot e ntial material for field emission applications. Carbon nanotubes are 
very small tube-shaped structures having the composition of a graphite 
sheet rolled into a tube. Carbon nanotubes produced bv arc discharge 
between graphite rods were First discovered and reported in an article by 
Sumio liiima entitled "Helical Microtubules of Graphitic Carbon" (Nature, 
Vol. 354. Nov. 7. 1991. pp. 56-58). Carbon nanotubes have electrical 
conductance related to their structure, are chemically stable, and can have 



Page 3 »r25 

PACE 4/31 * RCVD AT 1/4/2006 10:50:14 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-6/24 * DNIS:2738300 * CSID:408 919 8353 * DURATION (mm-ss>:13-08 



JAN-04-200S 20=14 FOXCONN 408 919 8353 P. 05 



Appl. No. 10/811.414 

Amdt. Dated January 4. 2006 

Reply to Office Action of October 4, 2005 

very small dimeters (less t h an 100 nanometers) and large aspect ratios 
jten pth/diamfttgrV Due to these and other properties, it has been 
sug gested th*r <-arhon nanotubes can olav an importan t role in field 
omission dis play devices. 

f0 003] R e ferring to FIG 13, U.S. Pot. Mo. 6,232,706, invented by 
Honjjjic P ^' Dt nl - ^elesefi a Sekl wmssiefi davioo using, aligned paral lel 
bundles of cm b on nanctubcj 100 extending from patterned catalyst layers 
130 depocited on n fry™ " f p nrr "" r ' ]!IcQn 120 whiph is formDd on 0 
aubotrato 110 using a chemical vapor deposition (CVD) process. The 
carbon nanotuboo produced by the CVD process have a variety of heights 
ift- a wide range so that the bundles of carbon nanotubes each forma a top 
which may be flat, concave, or in different pattern sinoo the grown height is 
ne i ther predictable nor controllable. Furthermore, a thin layer is formed on 
the top of the bundle which includes nanotubes with q variety of sizes, o 
number of remaining satefrst pftrtieles and amorphous carbon. Those 
dofectn usua l ly result in uniformity and unreliability of tho field cmiooion 
from tho bundle - f " fh ™ nmefabes IIS Pat. No, 6.339.281 discloses a 
method for making a triode-structure carbon na notube based field emission 
display. The method compris es the steps of: 

m formin g a cathode electrode, a ga te insulation layer and a gate electrode 

in sequence on a gla ss substrates 

(2) forming a gate opening in di e pate electrode: 

m forming a micro-cavitv in the gate insula tion layer, and 

<<n forming a catalvst laver on the ca thode electrode within the 

micro-cavitv: and growing carbon nanotubes on th e catalyst layer by 

chemical vapor deposition. 

[0004] In order to optimiz e e lectron om i aoiono, a triode typo field 
om i ssion device is uo o d. U.S. Pat. No. 6,51 $,415 disclos e s a typical 
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li iodc t yp o f i flri em issien deviee which ficnoralrv includ es a catho de 
electrode having carbon nanotubc array omitlora, an onodu electrode with n 
p hojphor scre u n, and a goto electrode - positi o ned between the cathod e 
t lcotrodo and the anode electrode to control emiaoion of electrons from the 
carbon nanotube array cmil tc ro. The carton nanotube arrays arc usually 
produced using a chemi c al vapor deposition process. H owever, in practice, 
there are the following persistent problem * in fabricatinp carbon nanotube 
based field emission displ ays bv chemical vapor deposition: 

I. In order to achieve a uniform illuminan ce, a distance between Rate 
electrodes and carbon nanotubes should b e kept uniformly constant over a 
lar pe area. However, it is difficult to assure a desired uniformity of 
heights of the carbon nanotubes ove r a large area by chemical vapor 
deposition. 

T in order to lower a threshold voltage o f the gate electrodes, the 
distance between the gate electrodes an d the carbon nanotubes should be as 
little as possible. However, it is diffic ult to precisely control a height of 
the carbon nanotubes to a m icro-scale level by chemical vapor deposition. 

l A carbon nanotube array formed bv c hemical vapor deposition 
invariably contains a lav er of randomly distributed carbon nanotubes, 
catalyst particles and a tinv amount of amorphous ca rbon, which impairs 
field emission performance of the carbon nanotu be arrays and reduces. the 
field emission display's produc t life cycle. 

SUMMARY OF THE INVENTION 

[0005] In order to lower the emission turn on voltage* a precisely 
control l ed distance between the emitt e rs and the gato e l ectrode is required : 
Although the carbon nanotuboG array growth higher with longer the 
r e act i on times, it io very difficult to control the growth height precisely. - 
Th e r e fore, the distance between the emitters and the gato el e ctrode s i s 
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di fficult to control merely by growth. In orc-er to resolve the 
above-mentioned problems, a method according to the present invention 
for making a carbon nanotube based fi eld emission display comprises the 
steps of: 

( 1 ) providin g a detachable substrate having a plane surface; 

(2) forming H ate electrodes in a predetermined pa ttern on the plane surface 
of the detachable substrate; 

(3> forming an intermediate layer on the gate electrodes; 
(41 forming a catalyst laye r on the intermediate layer; 

(5) forming a spacer in a manner corre sponding to a predetermined pattern 
on ihe laver o f catalyst material; 

(6) forming carbon nanotube arrays e xtending from the layer of catalyst 
material; 

m forming cathode electrodes on first ends of th e carbon nanotube arrays; 
and 

(frV removing the detachable substrate, and removing portio ns of the 
intermediate layer corresponding to positions of the carbon na notube arrays 
so as to expose opposite second ends of the carbon nanotube arrays that 
face toward the gate electrodes. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, an object of the present invention io to provide a 
method for making a carbon nonotubo based field o mi a sion display device 
wherein a di s tanc e between omisoion tipQ and gate elcotrodea is prcciaely 
controllable. These and other features, aspects and advantages of the 
invention will become more apparent from the following detailed 
description, claims and the accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0007] In order to achieve the objoot act above, a meth o d for making a 
carbon nanotuba hased field emission display dovico in accordance with n 
p f eforrod embodiment of the invention comprises the follow i ng stops: 
providing on insulativo lay e r having q firat surface; depositing a layer of 
catalyst on the first ourfaoc of the inoulative layer; forming a spac jr having 
a p lurality o f opening? nV™ ; " th "* pnttGrncd areas of the layer of 
catalyst ore cnpoood; forming ways of carbon nanotubos e xtending from 
the layer of oatalyst i n the opening s of the spac e r; fanning n cathode 
electrode on a top of e ach of the arrays of carbon nanotabeo; forming gate 
el ectrodes on o second, opposit e surface of the insulative layer offs e t from 
the patterned areas; removing portions of the insulative layer corresponding 
to tho arrays of carbon nanotubos so as to expose the arrays of carbon 
nanotuboo; and attaching an anode el e ctrode having a phosphor screen to 
the above obtained structure. A flatness of the first surface of tho insulative 
layer i s less than 1 micron oo that tho arrays of carbon nanotubes grown 
thorofrom have a gamp flntn rtnn A thin i ™^ nf thn innulativc layor oan be 
controlled through a depos i tion proc e ss so that a distance between th e 
arrays of carbon nanotuboo and th e gato electrodes is controllabl e? 
Preferably, the thickness of the inculativo layer io in tho range from 1 
micron to 1000 microns, FIG 1 is a s chematic side elevation view of a 
detachable substrate used in a preferred method for making a field emission 
field display in accordance with the present invention: 

[0008] Other objects, advantages and nov el f e atures of the present 
invention will b e come more apparent from the following detailed 
d e scription when talcon in conjunct i on with the accompanying drawings, in 
whiete FrG 2 is similar to FIG K but showing gate electrodes formed on a 
first protective layer of the detachable substrate; 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG 1 is a flow chart of o method for making a carbon 
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m i Mub o baaed fitld cmii rin n di s play device h u ti oo r don c e wtth - e 

p referre d c mbn i li I Ffh " im.nminrr FIG 1 is similar to FIG 2, but 

shaaiflg an mtemiste laver formed on rhe gate electrodes; 
[0010] riQ 3 b a iiLliomatic, oidc elevation view u i'a working pl nt e 
h uv iug q numbo. u ^movoo of «*» siz e therein; FIG 4 is similar to FIG 3, 
bat showing a second Kojec tjve Iaver formed on the intermediate layer; 
[ooil] FIG. 3 in q schematic, aide election view of an inoulativo lay^r 

dep o sed on the werk twg " f F ' r ' l r FIG S * * imiiar tQ FIG 4 * b " 1 
showing a c ^X ynt Iaver fo rmed on the first protective layer; 

[0012] FIG n io ft nohomatio, oidc elevation viow of a protective layer 
do pooitod on the umulm iwu lny n r n f RG V Flfi 6 is similar to FIG 5, but 
showing a spacer form ed on the catalyst layer; 

[0013] PIG 5 is a schematic, aide elevation view of a layer of cata l yst 
depoaited on the protect i ve l n yor of FIG 4; FIG 7 is similar to FIG 6, but 
showing carhon nanotube arra ys formed on the catalyst layer of FIG 6; 
[0014] PIG 6 io a schematic, oido elevation viow of arrays of carbon 
ttanotubeG grown from tho oatalyot widiin a plurality of perforations of n 
barrier formed on the lny o r of ootolyat of FIG <i ; flG 3 is similar to FIG 7, 
but showing a Iaver of negative feedback resistance formed on t ops of the 
carbon nanotube arrays; 

[0015] FIG. 7 is a Gohomotio, aide elevation view of a plurality of 
roaiotivo negative foodbaok layora formed on tho corresponding arrayo of 
cn r fr„ n Bflgetebea &f *■ BG Q is similar to FIG 8, but showing cathode 
electrodes formed on the Iaver of n egative feedback resistance; 
[0016] riG 8 is a schematic, side elevation vi e w of a plurality of 
cathode electrodes formed on the corresponding resistive negative feedback 
layers of FIG 7; FIG 10 is similar to FIG 9. but showing the catho de 
electrodes packag ed with a cover; 
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[00 ',7] riC P b a -r I ti" elevation viww u f u base c ou pi r-a 

, U | , t he t uH i o d P r-lu U tud^ I H » ^ n f F1 Q ft FIG 1 1 js similar to 

Fir, in hut sho win g subasse m bly, thereof inverted with the detachable 
...u^.. amoved, and unwa nted portions of the first protective fryer and 
the interme ^"'" layer removed; 

[0018] FIG. 10 io Q sehematie, oido Ucvution view u fu numb e r n f ent e 
clu iu u dm form t d o n a pocon r l surface oppusitE t n the fast swfeee n fthe 
u u ulu tii c l a y, i aftet i — " Ffhr " lttte of F1G * BOOlis 

similar to FIG J LL M showin g unwanted portions of the second protective 
la yer rem oved: and 

[0019] FIG H-ffl-a s U iematic, aide o lnvation vi u w u f the aswm hl y o f 
TIC 10 aft e r u mevtBg P"*"" ' ^ ineulativc lover, the protoctivo layer, 
and the layer of ea triystj FIG [3Jsj similar to FIG 12, but showing the 
«,tu«semblv th^f assemb l e with a display screen to obtain a field 
emission display. 

ric-r ^ F.n descriptio n of the present invention 
[0020] HG 12 is a achomatio. aido elovoti u n view of a carbon 
nonotubo baood field omiooion dioploy dovico made by adding a phoophor 
uuaon to the deviee of FIG, llj nnd Reference will now be made to the 
drawings to rWrihe the preferred met hod of the present invention in 
detail. 

[0021] FIG 13 io e aohomatio viow of a conventional oarbon nanotube 
field emission dovion Referring to F IG 13. a field emission display 
produced hv the preferred method nf the present invention comprises: 
cathode electrodes 17. an anode elect rode 20. gate electrodes 19 arranged 
between the cathode electrodes 17 a n d t h e a node electrode 20, carbon 
nanotube grravs IS. and * snacer 14. A layer of n egative feedback 
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gsteUjnce 16 i 9 fo -^ bgjtwggn first ends of the carbon nanoti.be arrays 15 
^ fee cathode electrodes 17, Oonnsita second ends of the carbon 

arrays 1 5 with corresponding ends of the spacer 14 tha t 

nrf n „ t o„e electrodes 13_S r rathode electrodes 17 .^re 
packaged with a botto m cover 1 &. 

DETAIL E D P B SeRtfTtOH^F f>P r xCPJlCD in O DIMEtlTS O FTHF 
INVENTION 

[0 022] A p i a forrod me t h o d for m rln tife a carbon n m.ut u b e base d fi old 

e mis s ien dbpli p i l l " aeewftmee iihthn iu Moiu L uii .. 'ill h i * ri > n rih p rt 

betov, wit h reference to F IG I - Referrinff to FIG 1, a detachable substrate 
in bavin* a fla t surface fnot [abeledj is first provided. Preferably, a 
pi.^litv of sregyes m- anertures 101 is defined in the surface of the 
rirtuchflhle sub^rp 10- for facir .t,tin P removal of the detachable substrate 
in in » later f »» P The surfac e i« preferably conirri with a removable 
materia! -such a « ™»v SB 28 to achieve g variation in flatness of the surface 
of less than The dgtaj ft abje Pirate 10 is P enerallv made of 

rgftacigry mate ria! whirh is capable of resisting hiph temperatures. A first 
protective lave- (nr., shnwn^ is th™ t»m,«H on the surface of the detachable 
. yhstrate 1 0. Tb r first protect ive laver is for protecting the gate electrodes 
17 from bei n ft obstructed b y carbonaceous materials that are generally 
hv.prnducts of fr.m.aiion of t h» """"" nanotnhe arrays 15 in a later step. 
r.gnerallv. th? first nrotecti v * l*v*r comprises material selected from the 
pmnn consis tinp nf plaas. sil i ^n. silicon oxide mica, and ceramic material. 
The, first protective laver b «« » thickness in the ranee from lOnm-lOum. 
It should b» nnted that fo rmation of the first protective layer is not an 
^cQ^ntifll ste p in practic ing the present invention, 

[0023] Stop 1 io prov i ding o s vorking plate. This io on optional st e p fef 
Uic pui u oJQ of c o n v e n ie ntly carrying o u t the subsequent stepc. The w orking 
pl u tt i cu i i be n nonm n t n l l io materia l or a metallic materiul that is sufficient l y 
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to » t j i ublu te cnnn r n hi g h te mf H S rtMr e s at whi rh carbon nanotu besHge 
p^daeed, B^rrim* to FIG ? the f^te elestrodgs 1 9 are formed onjhgjist 
P^iv* Ipver in r ~w™in e d oattmv The gate electrodes 19 can b e 
fnrffl ,H hv e-be» " -v pnration. ^rmnl evaporation or sputtering, each of 
f h.«, methods reformed in cooperation with either a mask or 

^^n.i.ho.raohv. The gate electrode 19 car, be made of metallic 
^.tPrifll. The >«' material is pr e ferably capable of withstanding , 
r«, mfW r a n,re S of ^ ™n°C. and preferably has a coefficient of thermal 
.^n^n com pel* with those of the first protective layer, an 
intermediate lav e- 1 1 <™ FIG 31 a second protective layer 12 (see FIG 4), 
and the spacer 14. 

[0024] C loy 3 is forming on insulati '.u layer on ttw working plate. The 
inuulatirc laye t t s m nd r n f inn n lrvtr" mat. ■•■■rh m oilinon oicido. on ri h nn 
a-picdctorminud ihioknom. In u idu i r to form u ub t m nnnot ii hnt from « 
uo imnon nurfatt. u firm ourflnw uf tho inou l a ti v u h ij u ohould be sm oo th 
m i d flat. Pr o fcin hl y. a -r^ m ■" Anmnrn nf the firat ourfhoo is leoa than V 
^^a.. Rgferrin p to FIG 3. the inter m ediate layer 1 1 is formed on the flate 
flertmdes \<* by coatine or minting. The intermediate layer 11 may 
alternatively b» substituted hy « thin olate. The intermediate layer 11 .is 
for controlling » distance b etween the carbon nanotube arrays 15 and the 
gflte electrodes 19. and is also used as a substrate for growin g of the carbon 
nanntuhe array* 1 S in the lat e r step. A thickness of the intermediate layer 
11 is in thef ranee from Itim to lOOOf im. and preferably in the ranee from 
lOum to 200um. A variation in fla tness of the intermediate layer 1 1 is 
preferably controlled to h* less than h im. The intermediate layer 11 is 
P . enerallv made of material which i s capable of being processed by 
photolithography and enduring temperatu res of about 700°C. Accordingly, 
the intermediate layer 1 1 generall y comprises material selected from the 
yrouo coasistine of glass, silicon, silicon oxide, mica , and ce ramic material, 
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[0 0251 Step449 ae pe steftg » ^ n f rn m l y -t u. t U .u fa s t B ttffeee n f t h * 
i , ^,l uii. -o loyor. G u m t ally, the ea t at ys t L a t n i n iitin n metal ouch -as-Fe 

C o (C n h n ll) M P™-" n " ' *» Mm tti n r nn 1 ' A thic l tn nin o f 
te^i o f catalyot is in U »u u m& r fr n m Inm lo -IO t m i . u » u profir n h l y in-*e 
K mge f r om 3nm t o 5 » iu. rurthiT, the l u, u u f oatftlyrt h p .ofu ably ann rm M 
at u l o . nporau . ro o f 3 00 deg ree 1 00 d egree Ret errinp In Fir., 4, preferably, 
, ^nond protects la yer [2 is deposited on the intermediate layer II by 
o.hpam evaporate ™ . puttering. The second protective layer 12 is for 
grotggting carbon Qacgjabs arrays 15 from beinR damaged or destroyed 
*.«n P g later step of wgj etching. Preferably , the segond protective layer 
1 2 is made of s^™" Alternate ly, the second protective laver 12 can be 
ma He nf anothe r «.ih.hte material which is capable of withstanding a wet 
»rri,.n«, process and vet which j g removable bv g dry etching process , 
Tho second protective laver 12 i« as thin as possible and preferably in the 
ran ge from 10m* to 1 r U dio n " hp ™ ted lhal dmwition of the second 
protective laver 12 is not an essential step in practicing the preserrt 
invention. 

[0026] Stop 1 to forming a barrior on tho layer of oataly at. The barrier 
has a predetermined height according to a hoight of oartx m nanotubes 
IK o duo e d in the following ™V- h°igtit of the barrier io gonorally in tho 
raiigp from 1 micron to 10 0 0 miorona, and preferably in the range from 1 0 
microns to 500 microno. Tho barrier hoc n plurality of pcrforationo (not 
lubolod) so ofl to dofino a plurality of pixo l arooo within which carbon 
nonotuboa o t ut subsequently bo grown. The material of the barrier ohould be 
a heat stable material that can enduro the high tomporaturoo at which 
e arbon nonotuboo grow. Such material can bo heatproof glaoo, metal coated 
with inoulativc matorial. oilioon, silicon oxide, oora u. iu inoiorial. o r mi rn 
Referring to FIG 5. a catalyst laver 13 is deposit e d on the second protective 
Inver 12 bv e-beam evaporation, thermal evapo ration or sputtering. — The 
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^^^^^^^^ 

^^^^^^^ 
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PACE 17/31 * RCVD AT 1/4/2006 10:50:14 PM [Eastern Standard TlmeJ * SVR:USPTO-EFXRF-6/24 • DN1S: 2738300* CS1D:408 919 8353 ■ DURATION (mm-ss): 13-08- 



JAN-04-200S 20:20 FOXCONN 408 919 8353 P. 18 



Appl.No.ltMII.4M 

{0040} — fc* 6 ****^^ 
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PACE 18/31 * RCVD AT 1/4/2006 1 0:50:14 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-B/24 » DNIS: 2738300 * CSID:408 919^8353 * DURATION (mm-ss): 1 3-08- 



JGN-04-2006 20:20 FOXCONN 40S 919 8353 P. 19 



Appl. No. I0/8H,4I4 

Amdt.Dattrd January 4. 2006 

« ,nlv to Office Action of Oclobcr 4. 200> 

...... -^^H^*******^^ 



.- p T ho un ifo rm- " fth B ew eawh tmfau^ mn pmn "" 2_T 
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PAGE 19/31 * RCVD AT 1/4/2008 10:50:14 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6724 * DNIS:2738300 * CSID:408 919 8353 * DURATION (mm-ss): 13-08- 



JAN-04-2006 20:21 



FOXCONN 



408 919 8353 P. 20 



AppL No- 10/811.414 
Amdi. ^tcci January , 2006 
Reply 10 Om« Action of October 4. jm 

^mepdmcntg to the Attract: 

^^^^^ 



ffl6 - fla "' ~ Z*,i«t laver ™ th » intern— laver - (5) 
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PAGE 20/31 * RCVD AT 1/4/2006 10:50:14 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/24 * DNIS:2738300 * CSID:408 919 8353 • DURATION (mm-ss): 13-08 



